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Description 

TECHNICAL FIELD OF THE INVENTION 

s [0001] This invention relates to a process for preparing stable emulsions of polyacrylates in the presence of poly 
(vinyl alcohol) and to the resulting emulsion. 

BACKGROUND OF THE INVENTION 

10 [0002] Poly(vinyl alcohol) is a widely used stabilizer for the emulsion polymerization of many vinyl ester monomers. 
The use of poly(vinyl alcohol) as a stabilizer allows for particle size control, rheology and crosslinking characteristics 
which are valuable for applications such as adhesives, sealants, coatings and binders. One limitation has been the 
inability to prepare stable acrylic emulsions at relatively low stabilizer levels of poly(vinyl alcohol), e.g., less that 12% 
by weight of the acrylic monomer to be polymerized. Another limitation of poly(vinyl alcohol) has been the Inability of 

IS the industry to expand the use of this as a stabilizer tor acrylic emulsions having high solids, e.g., greater that 45% by 
weight. Many efforts have been made to overcome this limitation, and in doing so all have generally relied either on 
process or compositional changes. 

[0003] The following patents and references comment on the use of poly(vinyl alcohol) as a stabilizer system for the 
emulsion polymerization of a monomer mixture consisting of monomers having acrylic unsaturation. 
20 [0004] GB 1 348449 and Farmer, D. B. in "Polyvinyl alcohol-Developments", 0. A. Finch ed. John Wiley & Sons, New 
York, NY. (p. 459. 1 992) disclose the preparation of acrylic emulsions using non ionic or anionic surface active agents. 
Poly(vinyl alcohol) by itself, is alleged as being unsuitable for producing a stable emulsion. 

[0005] US 5,326,809 discloses the use of poly(vinyl alcohol-co-vinyl amine) as a stabilizer for the emulsion polym- 
erization of a wide range of ethylenicaity unsaturated monomers. A representative poly(vinyl alcohol-co-vinyl amine) 
25 Stabilizer contained from 50 to 99 mole % poly(vinyl alcohol) and from 0.1 to 50% poly (vinyl amine). All of the examples 
where acrylic monomers were exclusively used showed the addition of surfactant to enhance emulsion stability. Some 
stability enhancement was achieved through the amine functionality. Also, the acrylic monomer was methyl acrytate 
which in itself is easier to stabilize with PVOH because of its greater water solubility. 

[0006] US 5,354,803 discloses the preparation of a surfactantless formaldehyde-free poly(vinyl alcohol) graft copol- 
30 ymer comprising from 12 to 35% of a fully hydrolyzed low molecular weight poly(vinyl alcohol). In that work, a high 
concentratron (12-35% by weight) of poly(vinyl alcohol) was used to promote chemical grafting of the acrylic monomer 
to the poly(vinyl alcohol). In addition, the solids contents of the emulsions prepared were consistently less than 40% 
by weight. 

[0007] US 5,364.904 discloses the preparation of a copolymer emulsion for use as a sizing agent for glass fibers. 
35 The emulsion Is formed by microflutdizing an emulsion containing an alkyi (-meth) acrylate monomer and stabilized 
with poly(vinyl alcohol). The poly(vinyl alcohol) preferably has a degree of hydrolysis of at least 70% although no 
criticality of the hydrolysis of the poly(vinyl alcohol) is stated. The examples show the addition of surfactant which 
undoubtedly promotes stability of the emulsion. 

[0008] GB 1,438,449 disclose the use of poty(vinyl alcohol) containing acid or mercaptan groups as a means for 
40 stabilizing all acrylic emulsion compositions. In addition, this reference also point out the lack of utility in using conven- 
tional poly (vinyl alcohol) as the stabilizer for all acrylic emulsion compositions. 

[0009] US 4.670.505 discloses the use of low molecular weight amino alcohols as part of a stabilization system for 
emulsion polymerization of (meth)acrylic monomers in the presence of protective colloids and surfactants. Preparing 
acrylic systems without vinyl acetate present in an amount of at least 50% resulted in unstable systems when prepared 

45 in the presence of poly(vinyl alcohol). 

[0010] US 2,318,429 discloses a process for producing an aqueous dispersion of polymerized aikyi methacrylates, 
i.e.. methylmethacrylate. and isobutyl acrylate using a partially saponified polyvinyl acetate as a dispersing agent. The 
patentee noted that aqueous dispersions of polyacrylates had been obtained with anionic surface active agents but 
these emulsions had limited utility as textile finishes because they are readily coagulated by cationic surface active 

50 agents, by polyvalent metal ions and by positively charged emulsions and dispersions. The patentees reported that 
colloidal systems could be prepared by polymerizing alkyI acrylates in the presence of a partially saponified polyvinyl 
acetate having a saponification number of from 40-130 and a viscosity of approximately 20 centipoises (4% aqueous 
solution as 20''C). Table 1 discloses the preparation of polymethylmethacrylate and the presence of partially saponified 
and completely saponified polyvinyl acetate. The patentee noted that the emulsions prepared with completely sapon- 

55 ified polyvinyl acetate were unstable. 

[0011] US 2,407,107 discloses a process for producing stable dispersions of alkyI acrylate polymers by an emulsion 
polymerization process wherein the alkyl acrylate monomers are emulsified in an aqueous solution and polymerized. 
A water soluble, partially saponified polyvinyl acetate is used as the emulsifying agent and is accompanied with a small 
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amount of a petroleum hydrocarbon such as a mineral oil or wax. The hydrocarbon Is employed in an amount from 
0.5-5% based on the weight of alkyi acrylate monomer and is used tor enhancing the stability of the emulsion which 
contains typically from 10-40% by weight of polymerized alkyI acrylate. 

[0012] US 2,773,050 discloses a process for polymerizing an acrylic ester while In admixture with a polymer con- 
taining hydroxy! radicals, e.g., po(y(vinyl alcohol) which then can be hardened by treatment with a crosslinking agent. 
The polymerization Is advantageously carried out by preparing a dispersion of acrylic ester in an aqueous solution of 
a vinyl polymer having hydroxyl radicals, e.g., poly(vinyl alcohol) and, optionally, an emulsifying agent, e.g., alkali metal 
salts of sulfated fatty alcohol. The weight ratio of acrylic resin to the poly(vinyl alcohol) and the emulsion ranges from 
80:20 to 50:50 although preferably from 80:20 to 65:35. 

SUMMARY OF THE INVENTION 



[DDI 3] This invention pertains to Improved acrylic emulsion compositions and to an improved process lor preparing 
an acrylic emulsion. The improvement for polymerizing water insoluble acrylic monomer systems resides in effecting 

^5 the polymerization of the acrylic monomers in the presence of a stabilizer system consisting essentially of poly{vinyl 
alcohol) having specified hydrolysis levels and in the presence of a chain transfer agent. This medium allows for the 
preparation of emulsions with useful properties and suited for use in applications such as adhesives, coatings, binders 
and cement additives. It has been found that it is possible to polymerize a substantially all acrylic, water insoluble 
monomer system wherein at least a majority of the acrylic monomer has a carbon content greater than methyl acrylate 

20 and stabilize that ail acrylic emulsion system at high solids, greater than 45% by weight, at concentrations of less than 
12% poly(vinyl alcohol) by weight of the emulston using a stabilizer consisting essentially of poly(vinyl alcohol) selected 
from the group consisting of substantially fully hydrolyzed poly(vinyl alcohol) and a poly(vinyl alcohol) having a hydrol- 
ysis value of at least 86% and a molecular weight of from 5,000 to 13,000. Hydrolysis levels of less than 96.5% may 
be used in low molecular weight poly(vinyl alcohols) whereas higher molecular weight poly(vlnyl alcohols) lead to 

25 instability. 

[0014] There are several advantages associated with the invention and these include: 

• an ability to produce high solids, essentially all acrylic emulsions using poly(vinyl alcohol) protective colloid as a 

stabilizer; 

30 • an ability to produce acrylic emulsions having relatively low levels of poly(vinyl alcohol), e.g., from 2 to 12% and 
generally within a range of 3 to 5% by weight of the monomers; 

• an ability to produce stable acrylic emulsions without the use of conventional surfactants or hydrocarbon solubi- 
lizers or microti uidization techniques; 

• an ability to produce acrylic emulsions having excellent adhesion to a variety of substrates such as wood and 
3S having excellent wet strength and water resistance; 

• an ability to form excellent films and coatings; 

• an ability to produce redispersible acrylic polymers stabilized with poly(vinyl alcohol); and, 

• an ability to produce acrylic emulsions having low viscosities. 

40 DETAILED DESCRIPTION OF THE INVENTION 

[0015] In the practice of this invention, substantially all acrylic emulsions can be produced by an emulsion polymer- 
ization process using a stabilizer system consisting of poly(vinyl alcohol) as the stabilizer. Acrylic monomers, particularly 
those acrylic monomers which have a water insolubility less than that of methyl acrylate, have been essentially impos- 
es sible to polymerize in an emulsion system using poly(vinyi alcohol) as the stabilizer. 

[0016] A wide range of acrylic monomers can be used in the polymerization process described herein and they may 
be used singly or in combination with other acrylic monomers. These ethylenically unsaturated polymehzable C^-C3 
alkyI esters of acrylic and methacrylic acid include methylacrylate, ethylacrylate, buty lac ry late, 2-ethyl-hexyl acrylate 
and the corresponding methacrylates. Of these methylmethacrylate and butylacrylate are the preferred lower alkyI 
so acrylates used in the polymerization process for producing a variety of polymeric systems suited for adhesive, coating, 
binder and cementicious applications. 

[001 7] Other ethylenically unsaturated monomers may be copolymerized with the acrylic esters. The composition of 
the resultant copolymer is largely dependent upon the application. Typical monomers include vinyl acetate, acrylamide, 
methacryiamide, acrylic and methacrylic acid, maleic and fumaric anhydride, and so forth. The slightly more water 
55 soluble acrylates which include hydroxy acrylates, e.g., hydroxy ethyl acrylate and glycidyl acrylates may also be co- 
polymerized with the acrylic esters. Monomers other than the acrylic esters should be kept to a minimum in order for 
the emulsion to be considered an acrylic emulsion, e.g. , below 1 0% and preferably below 5% by weight of the monomers 
employed in producing the polymer. The more hydrophilic monomers, i.e., monomers which are more hydrophilic than 



3 



EP 0 812 863 B1 

the acrylic monomers to be polymerized, should be avoided to maintain water resistant properties. 
[0018] One of the keys to producing a high solids, e.g., greater than 45% by weight all acrylic emulsion without the 
use of surfactants, solubilizers, and mtcrofluidization techniques resides in the use of a poly(vinyl alcohol) selected 
from the group consisting of substantially fully hydrolyzed poly(vinyl alcohol) and a partially hydrolyzed poly(vinyl al- 

5 cohol). > 86%, as the stabilizing agent where the molecular weight ranges from 5,000 to 1 3,000. Low molecular weight 
poly(vinyl alcohols), i.e.. below 13,000 may be used upwards from the 86% hydrolyzed to fully hydrolyzed. The level 
ot poly(vinyl alcohol) utilized as a stabilizer is from 2 to 12%, preferably from 3 to 7% based on the weight of the total 
monomers polymerized. One type of poly(vlnyl alcohol) has a hydrolysis value of at least 96.5%. i.e.. 96.5% of the 
acetate groups in poly(vinyl acetate) are converted to hydroxyl groups. When less than 96.5% of the acetate groups 

10 are converted to hydroxyl groups, i.e., the polyvinyl acetate is less than fully hydrolyzed, and the molecular weight is 
above 13,000, there is a tendency for a high solids acrylic emulsion formulation to become gritty As the degree of 
hydrolysis is reduced substantially below 96.5%, the latex may become unstable. A second type of poly(vinyl alcohol) 
is a poly(vinyl alcohol) having a hydrolysis value of at least 86% to fully hydrolyzed and a molecular weight within a 
range of from 5.000 to 1 3,000. Po!y(vinyl alcohols) having lower hydrolysis values and high molecular weights may be 

IS acceptable for producing low solids acrylic emulsions as noted by the prior art but they are incapable ot producing high 
solids emulsions at low poly(vinyl alcohol) stabilizer levels. 

[0019] The molecular weight ot the poly(vinyl alcohol) is an important factor in stabilizing the acrylic emulsion. A fully 
hydrolyzed poly (vinyl alcohol) having a number average molecular weight within a range of from 5,000 to 45,000 should 
be used with a preferred range of from 15,000 to 30,000. The lower hydrolysis value poly(vinyl alcohols) may be used 

20 provided the molecular weight does not exceed about 13,000. 

[0020] Blends of fully hydrolyzed poIy(vinyl alcohols) maybe used with favorable results. One type of blend comprises 
from 20 to 80%. preferably 50 to 75%, of a low molecular weight (5,000 to 1 3,000) poly(vinyl alcohol), including 86 to 
90% hydrolyzed. and 20 to 80%. preferably 50 to 25%, of a higher molecular weight, e.g.. 25,000 to 45,000 molecular 
weight poly(vinyl alcohol). Another blend may comprise a fully hydrolyzed poly(vinyl alcohol) and a partially hydrolyzed 

2S poly(vinyl alcohol) which by itself would have been unacceptable for stabilizing the emulsion. In other words, not all of 
the stabilizing poly(vlnyl alcohol) need be fully hydrolyzed but may contain some lower hydrolyzed material, e.g., a 
hydrolysis value of from 85 to 90% at a molecular weight greater than 15,000. If some lower hydrolysis material is 
employed, the level should be monitored closely as the emulsion wilt become less stable. One may use from 0 to 25% 
of such lower hydrolysis poly(vinyl alcohol) but the remainder of the poly(vinyl alcohol) should have a hydrolysis value 

30 of at least 98% as the other component of the stabilizer. 

[0021] Another of the keys in producing a stable lower alkyi acrylate containing emulsion lies in the use of a chain 
transfer agent. These chain transfer agents are incorporated in an amount of from 0.2 to 3% and. preferably from 0.5 
to 1.5%, by weight of the monomers to be polymerized. Representative chain transfer agents include conventional 
mercaptans such as n-dodecylmercaptan and water soluble chain transfer agents. Typically, these chain transfer agents 

35 should have a chain transfer coefficient of at least 0.6 based upon methylmeth acrylate. 

[0022] Emulsion polymerization of the lower alkyl esters of acrylic and methacrylic acid In the presence of poly(vinyl 
alcohol) and a chain transfer agent can be carried out using conventional delay addition polymerization techniques or 
by the conventional batch method. In the delay procedure, which Is preferred, from 10 to 30% of the monomers to be 
polymerized are added to the polymerizatton reactor containing a stabilizer and the balance of the monomers added 

40 over a period of time. The time for addition may vary but a conventional procedure will add the monomers over a period 
of from 2 to 4 hours. A further description is set forth in U.S. Patent 5,326,809. 

[0023] As in conventional emulsion polymerization processes the catalyst used is a free-radical forming catalyst such 
as a peroxide e.g. t-butyl hydroperoxide, persulfate such as potassium persulfate and ammonium persulfate as well 
as azo compounds e.g. 2,2-'azo bis amidino propane hydrochloride and reducing systems such as sodium formalde- 

45 hyde sulfoxylate and sodium erythrobate. The oxidizing agent is generally employed on an amount of from 0.01 to 1 % 
preferably 0.05 to 0.5% based on the weight of the monomers introduced into the polymerization system. The reducing 
agent is added as an aqueous system and in the necessary equivalent or stoichiometric amount. 
[0024] The particle size of the acrylic polymers and copolymers in the emulsion is in the range of 0.3 to 2 microns. 
This particle size range has advantages over the extreme fine particle size emulsions obtained through microfluidiza- 

50 tion. These advantages comprises stability under high shear, wet tack, setting speeds, stability to salts and wide for- 
mulation range offering latitude to formulators. 

[0025] One of the significant advantages of the lower alkyl acrylate emulsions described herein is that they are 
stabilized with a stabilizing system consisting essentially of the fully hydrolyzed poly(vinyl alcohol) and/or partially 
hydrolyzed poly(vinyl alcohols), as described, do not contain levels of nonlonic and anionic surfactants which may 
55 adversely affect the properties of the resulting polymer in many applications. Property advantages associated with the 
polymer in the presence of the fully hydrolyzed poly(vinyl alcohol) Include those mentioned, supra, and desirable emul- 
sion viscosity Prior art emulsions having high levels of poly(vinyl alcohol) tend to have large levels of grafting which 
contributes to process disadvantages associated with undesirable viscosity, poor film formation and water resistance. 
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The emulsions stabilized with lower levels of poly{vinyl alcohol) provide improvement in these properties. 

[0026] The following examples are provided to illustrate various embodiments ot the invention. All quantities are in 

parts by weight unless otherwise specified. 

s Example 1 

Hydrolysis of Polvf vinyl acetate) 

[0027] The following method was used to determine the extent of hydrolysis of the poly(vlnyl alcohol) samples used 
10 in the examples. A weighed sample of the poly(vinyl alcohol) was placed Into a flask and dissolved in a 75/26 volume/ 
volume mixture of water and methanol. An aliquot of sodium hydroxide solution of known concentration was then added 
in an amount sufficient to completely hydrolyze all remaining acetate groups. The solutions were then refluxed for one 
hour to insure complete reaction. Finally, the extent of hydrolysis was determined by back titration of excess sodium 
hydroxide with a standardized acid solution. The amount of sodium hydroxide consumed in completing the hydrolysis 
IS o1 the poly(vinyl alcohol) was then used to determine the hydrolysis extent o1 the poly(vinyl alcohol). 

Example 2 

Preparation of Butyl Acrylate/Methyimethacrylate Emulsions In the Presence of Polv(vinvt alcohol) 

20 

[0028] General synthesis procedure: A 2 liter jacketed glass reactor equipped with a mixer, condenser, nitrogen 
purge and feeds for solution addition is used as the polymerization vessel. An aqueous system consisting of an initial 
charge which consists of water, stabilizing agent, oxidizing agent, a small level (10 to 30%) of monomer and promoter. 
This mixture is heated to reaction temperature and allowed to equilibrate at the desired temperature. The reaction then 

25 is initiated by addition of a small amount of reducing agent. When reaction begins to generate heat, addition of the 
feeds (delay addition) is commenced. The desired reaction temperature is maintained by heating or cooling the jacket 
of the reactor and by controlling the addition rate of the delay components. After all of the monomer and initiator 
solutions are added, the products are maintained at the reaction temperature for 30 to 90 minutes to insure complete 
conversion of monomer. The products were then cooled to room temperature and removed. 

30 [0029] Emulsions, A through F, based upon butyl acrylate and methylmethacrylate were prepared in accordance 
utilizing the above general description. The examples, A through F, differed primarily through the use of various poly 
(vinyl alcohol) polymers as the stabilizer, such po}y(vinyi alcohol) polymers being designated A-F to correspond to the 
different emulsfons. Poly(vinyl alcohols) A-F are described in the foltawing table. 



Poly(vinyi alcohol) 


Poly(vinyl alcohol) 


Number Average Molecular Weight 


Degree of Hydrolysis (mole %) 


A 


6,000 


97.4 


B 


7,000-13,000 


98-98.8 


C 


27,000-44,000 


96.5-97.5 


D-comparative 


7,000-13,000 


96.7 


E-comparative 


44,000-65,000 


95.5-96.5 


F-comparative 


15,000-27,000 


87-89 


G 


15,000-27.000 


9B'98.8 



Emulsion (Poly(vinyl alcohol) A 

so 

[0030] This example illustrates the preparation of a butyl acrylate/methylmethacrylate copolymer emulsion prepared 
in the presence of poly(vinyl ateohol) A as the only stabilizer. 



Initial Charge to Reactor 


Debnized water 


230 gms 


poly(vinyl alcohol) A 10% aqueous solution 


340 gms 
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(continued) 



Initial Charge to Reactor 


Monomer mixture (same ratio as below) 


357 gms 


tert butylhydroperoxide (70% aq soln) 


1 .0 gms 


Ferrous ammonium sulfate (1% aq soln) 


5 gms 


acetic acid 


3.9 gms 



Delay Feeds 


Solutions 


Amount 


1) Deionized water 


323.4 gms 


Sodium formaldehyde sulfoxyfate 


6.6 gms 


Total 


330 gms 






2) Deionized water 


169.5 gms 


tert butylhydroperoxide (70% aq soln) 


10.65 gms 


Foamaster VF* 


1.5 


Total 


181.65 gms 






3) n-butyl acryiate 


383 gms 


methylmethacrylate 


467 gms 


n-dodecyt mercaptan 


7 gms 


Total 


857 gms 



Foamaster VF is a commercial defoamor. 

[0031] The reaction was conducted at 70*^0. Delay solution 1 was added at a rate of 0.2 gm/min initially followed by 
an increase to 1.9 gm/min over a 2 hour period. Delay solution 2 was added at a rate of 0.1 gm/min initially then 
increased to 0.5 gnrVmin after 15 minutes. The monomer delay solution 3 was added at a rate of 3.3 gm^in. The 
reaction was complete in 4 hours. The product had the following properties. 



Unreacted Monomer butyl acryiate 


39 ppm 


methylmethacrylate 


1 33 ppm 


% Solids 


49.5 


Accelerated Sedimentation. 


4.0% 


PH 


3.2 


Tg 


i2.rc 


60 RPM Vise 


225 cps 


12 RPM Vise. 


420 cps 


100 mesh grits 


2500 ppm 



Viscosity measured on 4% emulsion, Brookfield Instrument. 

[0032] The emulsion was stable thus showing that high solids, butyl acrylate/methylmethacrylate emulsions could 
be prepared using poly(vinyl alcohol) as the only stabilizer. Grit levels were modest 

Emulsion (Poly(vinyl alcohol) B 

[0033] This example illustrates the preparation of a butyl acrylate/methylmethacrylate copolymer emulsion prepared 
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in the presence of poly(vinyl alcohol) B as having a hydrolysis value of 98% to 98.8%. 



10 



Initial Charge to Reactor 


Deionized water 


230 gms 


poly(vinyl alcohol) B 10% aqueous solution 


340 gms 


Monomer mixture (same ratio as below) 


357 gms 


tert butylhydroperoxide (70% aq soln) 


1 .0 gms 


Ferrous ammonium sullate (1% aq soln) 


5 gms 


acetic acid 


6.2 gms 



20 



2S 



35 



40 



46 



50 



5S 



Delay Feeds 


Solutions 


Amount 


1) Deionized water 


323.4 gms 


Sodium formaldehyde sulfoxylate 


6.6 gms 


Total 


330 gms 






2) Deionized water 


169.5 gms 


tert butylhydroperoxide (70% aq soln) 


10.65 gms 


Foamaster VF* 


1.5 


Total 


181.65 gms 






3) n- butyl acrylate 


383 gms 


methylmethacrylate 


467 gms 


n- dodecyl mercaptan 


7 gms 


Total 


857 gms 



[0034] The reaction was conducted at 70^*0. Delay solution 1 was added at a rate of 0.5 gm/min initially followed by 
an increase to 1 .3 gm/min over a 1.5 hour period. Delay solution 2 was added at a rate of 0.3 gm/min initially then 
increased to 0.7 gm/min after 15 minutes. The monomer delay solution 3 was added at a rate of 3.7 gm/min. The 
reaction was complete in 4 hours. The product had the following properties. 



Unreacted Monomer butyl acrylate 


80 ppm 


methylmethacrylate 


1 40 ppm 


% Solids 


49 


pH 


3.1 


Tg 


20.9»C 


12RPM Vise 


ND 


60 RPM Vise 


265 cps 


100 mesh grits 


1 00 ppm 


Accelerated Sedimentation. 


3.0% 



[0035] The emulsion was stable and had few grits thus showing the effectiveness of the poly(vinyl alcohol) B as a 
stabilizer. It is believed the higher molecular weight poly(vinyl alcohol), i.e., 7000 to 13,000, as compared to that of 
poly (vinyl alcohol) A, is the main cause for the decreased grit level. That result is believed due to greater stabilizing 
forces within the higher molecular weight alcohol. 
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Emulsion (Poly(vlnyl alcohol) C 

[0036] This example demonstrates the preparation of a butyl acrylate/methylmethacrylate copolymer emulsion in 
the presence of poly(vinyl alcohol) C (96.5 to 97.5% hydrolysis) as the only stabilizer. 



Initial Charge to Reactor 


Deionized water 


230 gms 


Poly (vinyl alcohol) C 10% aqueous solution 


340 gms 


Monomer mixture (same ratio as below) 


357 gms 


Tert butylhydroperoxide (70% aq soln) 


1.0 gms 


Ferrous ammonium sultate (1 % aq soln) 


5 gms 


Acetic acid 


3.1 gms 



Delay Feeds 


Solution 


Amount 


1 ) Deionized water 


323.4 gms 


Sodium formaldehyde sulfoxylate 


6.6 gms 


Total 


330 gms 






2) Deionized water 


169.5 gms 


tert-butylhydroperoxide (70% aq soln) 


10.65 gms 


Foamaster VF* 


1.5 


Total 


181.65 gms 






3) n-butyl acrylate 


383 gms 


methylmethacrylate 


467 gms 


n-dodecyl mercaptan 


7 gms 


Total 


857 gms 



[0037] The reaction was conducted at 70''C. Delay solution 1 was added at a rate ot 0.2 gm/min initially followed by 
an Increase to 1.2 gm/min over a 2'hour period. Delay solution 2 was added at a rate of 0.1 gm/min initially then 
increased to 0.7 gm/min over 30 minutes. The monomer delay solution 3 was added at a rate of 3.6 gnn/min. The 
reaction was complete in 4 hours. The product had the following properties. 



Unreacted Monomer butyl acrylate 


49 ppm 


methylmethacrylate* 


ND 


% Solids 


50.3 


PH 


4.0 


Tg 


22*»C 


12RPM Vise 


1 9000 cps 


60 RPM Vise 


79B0 cps 


/Accelerated Sedimentatbn 


7.0% 


100 mesh grits 


1900 ppm 


ND = not detected 



[0038] The results show that the poly(vinyl alcohol) was effective for stabilizing the acrylic monomer system. However, 
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as compared to poIy(vinyl alcohol) B there was higher viscosity and grit formation probably due to the lower hydrolysis 
values ot the poly (vinyl alcohol). 

Emulsion (Poiy(vinyl alcohol) D 

[0039] This example illustrates the preparation of a butyl aery late/methyl melhacry late copolymer emulsion prepared 
in the presence of poly(vlnyl alcohol) D having a hydrolysis of 96.7% as the only stabilizer. 



Initial Charge to Reactor 


De ionized water 


230 gms 


Poly(vinyl alcohol) D 10% aqueous solution 


340 gms 


Monomer mixture (same ratio as below) 


357 gms 


Tert butylhydrpperoxide (70% aq so)n) 


1.0 gms 


Ferrous ammonium sulfate (1% aq soln) 


5 gms 


Acetic acid 


4.B gms 



Delay Feeds 


Solution 


Amount 


1 ) Deionized water 


323.4 gms 


Sodium formaldehyde sulfocylate 


6.6 gms 


Total 


330 gms 






2) Deionized water 


169.5 gms 


tert-butylhydroperoxide (70% aq soln) 


10.65 gms 


Foamaster VP* 


1.5 


Total 


181-65 gms 






3) n-butyl acrylate 


383 gms 


methylmethacrylate 


467 gms 


n-dodecyl mercaptan 


7 gms 


Total 


857 gms 



[0040] The reaction was conducted at 70'*C. Delay solution 1 was added at a rate of 0.2 gm/min initially followed by 
an increase to 1.9 gm/min over a 2 hour period. Delay solution 2 was added at a rate of 0.1 gm/min Initially then 
Increased to 0.6 gm/min after 15 minutes. The monomer delay solution 3 was added at a rate of 3.3 gm/min. Large 
amounts of coagulum were observed Immediately upon initiation of the reaction. This Instability persisted throughout 
the reaction. The reaction was complete in 4 hours. The product had the following properties. 



Un reacted Monomer butyl acrylate 


24 ppm 


methylmethacrylate 


63 ppm 


% Solids 


ND 


Accelerated Sedimentation 


ND 


pH 


ND 


Tg 


ND 


12RPM Vise 


ND 


60 RPM Vise 


ND 
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(continued) 



100 mesh grits 



ND 



ND - Not determined due to instability ot the prod- 
uct. 



[0041] As noted from the description, the polymer coagulated almost immediately and the lower hydrolysis value of 
the poly (vinyl alcohol) was believed to be the basis for the ineffectiveness of the poly(vinyl alcohol) as a stabilizer. The 
presence of chain transfer agent did not help. It is believed the results obtained here are somewhat spurious because 
the data can not be reconciled with other work. Please refer to Example 5 regarding the Test Sumnnary. However, the 
poly(vinyl alcohol) employed is on the borderline of acceptable stabilizers and one may expect upsets. 



Emulsion (Poty(vinyl alcohol) E 



[0042] This example Illustrates the preparation of a butyl acrylate/methylmethacrylate copolymer emulsion prepared 
in the presence of poly(vinyl alcohol) E as the only stabilizer. 



Initial Charge to Reactor 


Deionized water 


230 gms 


Poly (vinyl alcohol) E 107o aqueous solution 


340 gms 


Monomer mixture (same ratio as below) 


357 gms 


Tert butylhydroperoxide (70% aq soln) 


1 .0 gms 


Ferrous ammonium sulfate (1 % aq soln) 


5 gms 


Acetic acid 


3.3 gms 



Delay Feeds 


Solution 


Amount 


1 ) Deionized water 


323.4 gms 


Sodium fomnaldehyde sultoxylate 


6.6 gms 






2) Deionized water 


169.5 gms 


tert-butylhydroperoxide (70% aq soln) 


10.65 gms 


Foamaster VF* 


1.5 






3) n-butyl acrylate 


383 gms 


methylmethacrylate 


467 gms 


n-dodecyl mercaptan 


7 gms 



[0043] The reaction was conducted at 70'»C. Delay solution 1 was added at a rale of 0.2 gm/min initially followed by 
an increase to 1.9 gm/min over a 2 hour period. Delay solution 2 was added at a rate of 0.1 gm/min Initially then 
increased to 0.6 gm/min after 15 minutes. The monomer delay solution 3 was added at a rate of 3.3 gm/min. Large 
amounts of coagulum were obsewed immediately upon initiation of the reaction. This instability persisted throughout 
the reaction. The reaction was stopped after 2 hours. The product had the following properties. 



Un reacted Monomer butyl acrylate 


43ppm 


methylmethacrylate 


238 ppm 


% Solids 


34% 


Accelerated Sedimentation. 


ND 
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(continued) 



pH 


2.7 


Tg 


ND 


12 RPM Vise 


ND 


60 RPM Vise 


ND 


1 00 mesh grits 


-49,000 ppm 


ND - Not determined due to instability of the prod> 


uct. 





15 



20 



25 



[0044] The ineffectiveness of the high molecular weight, low hydrolysis poly( vinyl alcohol) as the stabilizer confirms 
the results of prior investigators regarding the ability ot poly(vinyl alcohol) to stabilize the more water insoluble acrylic 
monomers in the absence of other hydrophilic monomers and/or stabilizers. 

Emulsion (Poly (vinyl alcohol) F 

[0045] This example illustrates the preparation of a butyl acrylate/methylmethacrylate copolymer emulsion prepared 
in the presence of poly(vinyl ateohol) F as the only stabilizer. 



initial Charge to Reactor 


Deionized water 


245 gms 


Poly(vinyl alcohol) F 10% aqueous solution 


218 gms 


Monomer mixture (same ratio as below) 


40 gms 


Tert butylhydroperoxlde (70% aq soln) 


0.5 gms 


Ferrous ammonium sulfate (1% aq soln) 


6 gms 


Acetic acid 


2.3 gms 



40 



46 



SO 



SS 



Delay Feeds 


Solution 


Amount 


1 ) Deionized water 


237.5 gms 


Sodium formaldehyde sulfoxylate 


12.5 gms 


Total 


250 gms 


2) Deionized water 


200 gms 


tert-butylhydroperoxide (70% aq soln) 


8.0 gms 


Total 


208 gms 


3) n butyl aery late 


289 gms 


methylmethacrylate 


193 gms 


n dodecyl mercaptan 


1.5 gms 


Total 


483.5 gms 



[0046] The reaction was conducted at 70'*C. Delay solution 1 was added at a rate of 0.2 gm/min initially followed by 
an increase to 0.3 gm/min over a 2 hour period. Delay solution 2 was added at a rate of 0.1 gm/min initially then 
increased to 0.4 gm/min after 15 minutes. The monomer delay was added at a rate of 1 .4 gm/min. Large amounts of 
coagulum were observed immediately upon initiation of the reaction. This instability persisted throughout the reaction. 
The reaction was complete in 6 hours. The product had the following properties. 



Unreacted Monomer butyl acrylate 172 ppm 
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(continued) 



methylmethacrylate* 




% Solids 


39.5 


Accelerated Sedimentation. 


ND 


pH . 


2.3 


Tg 


-7.0 


12RPIS/I Vise 


ND 


60 RPM Vise 


ND 


100 mesh grits 


ND 



*Not detected 

ND - Not deterrnined due to instability of the product 



[0047] The product was unstable thus slowing the importance of using a poly(vinyl alcohol) having a hydrolysis value 
of at least 96.5%, even though the molecular weight of the poly(vinyl alcohol) was within a desirable range. 

Example 3 

Batch Process For Producing Butyl acn^late/MethvlmethacrvlatB Emulsion 

[0048] This example demonstrates the preparation ot a butyl acrylate/methylmethacrylate copolymer emulsion pre- 
pared in the presence of poly{vinyl alcohol) B as the only stabilizer using a by a batch process as distinguished form 
the delay process used in Example 2. 



Initial Charge to reactor 


Debnized water 


140 gms 


poly(vinyl alcohol) B 10% aqueous solution 


160 gms 


methylmethacrylate 


15B gms 


butyl acrylate 


141 gms 


n dodecylmercaptan 


0.9 gms 


tert butylhydroperoxlde (70% aq soln) 


2.3 gms 


Ferrous ammonium sulfate (1 % aq soln) 


5 gms 


Foamaster VF 


2.3 gms 



Delay Feeds 


Solution 


Amount 


1 ) Deionized water 


237.5 gms 


Sodium fonmaidehyde sulfoxylate 


12.5 gms 


Total 


250 



[0049] The reaction was initiated at 40 *C and ramped to 70 Cover 1 hour. Delay solution 1 was added at a rate of 
0.3 gm/min. The reaction temperature was controlled by variation of the rate of addition of delay solution 1 . The reaction 
was complete in 2 hours. The product exhibited good stability throughout the process. The product had the following 
properties. 



Unreacled Monomer butyl acrylate 


31 ppm 


methylmethacrylate * 




% Solids 


45.8 



* Not detected 
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(continued) 



Accelerated Sedimentation. 


4.0% 


PH 




60 RPM Vise 




Tgl 


-3.3 


12 RPM Vise 




100 mesh grits 
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Example 4 

Preparation of Butyl Acrvlate/Methvlmethacrvlate Emulsions 

,g In the Presence of Blend of Potvfvinvl alcohoisi 

[0050] This example demonstrates the preparation ot a butyl acrylate/methylmethacrylate copolymer emulsion pre- 
pared in the presence of a mixture or blend o1 poly(vinyl alcohol) C and poly(vinyl alcohol) G as the stabilizer 



Initial Charge to reactor 


De ionized water 


403 gms 


poly(vinyl alcohol) C 10% aqueous solution 


619 gms 


poiy (vinyl alcohol) G 10% aqueous solution 


185 gms 


Monomer mixture (same ratio as below) 


434 gms 


tert butylhydroperoxide (70% aq soln) 


2.2 gms 


Ferrous ammonium sulfate (5% aq soln) 


5 gms 


acetic acid 


5.8 gms 



Delay Feeds 


Solution 


Amount 


1 ) Deionized water 


393.9 gms 


Sodium fomnaldehyde sutfoxytate 


10.1 gms 


Total 


404 gms 






2) Deionized water 


387 gms 


tert butylhydroperoxide (70% aq soln) 


15.4 gms 


Total 


402.4 gms 






3) n-butyl acrylate 


935 gms 


methylmethacrylate 


935 gms 


n-dodecyl mercaptan 


13.2 gms 


Total 


1883.2 gms 



[0051] The reaction was conducted at 70° C. Delay solutions 1 and 2 were added at a rate of 0.3 gm/min initially 
55 followed by an increase to 1 .7 gnVmin over a 2 hour period. The monomer delay was added at a rate of 16. 1 gm/min. 
The reactfon was complete in 2.5 hours. Of the total amounts of delay solutions 1 and 2 shown above, the actual 
amounts used were delay solution 1 , 105.1 gms and delay solution 2, 1 56.9 gms. Additional water was added to adjust 
the final solids content to -^50%. The product had the following properties. 
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Unreacted Monomer, butyl acrylate 


235 ppm 


methylmethacrylate * 




% Solids 


60,4 


Accelerated Sedimentation. 


3.0% 


PH 


3.9 


60 RPM Vise 


2400 ops 


Tgi 


0.7 *C 


12 RPM Vise 


5400 cps 


100 mesh grits 


50 ppm 



* Not detected 



[0052] This example indicates the good properties which can be achieved through the use of combinations of poly 
(vinyl alcohol) polymers with differing molecular weight and hydrolysis levels. Grit formation was less than with any of 
the poty(vinyl alcohol) types used singly. 

Example 5 

Test Summary 

[0053] A series of tests were conducted to determine the effectiveness of a wide variety of commercial poly(vinyl 
alcohols). The general procedure of Example 1 was followed. The poly{vinyl alcohols) are described in the following 

table. 





PVOH Tested 


% Hvdrolvsis 


Viscosltv/ Number avq. Molecular 


Effective in Acrylate stabilization 








Weiaht 






A-502 


87-89 


3.0-3.7/ 7,000-13.000 


Yes, high viscosity 


30 


A-203 


87-89 


3.0-4.5/7,000-15,000 


Yes 




A-205 


87-89 


5.2-6.2/ 15,000-27,000 


No- gritty and high seds 




A-523 


87-89 


23-27/44,000-65.000 


No- gritty and high seds 


35 


WS-42 


96.5-97.5 


14-17/27,000-44.000 


Yes 




A- 425 


95.5-96.5 


27-31/44,000-65.000 


No- gritty, high viscosity and high seds 




A- 103 


98.0-98.8 


3.6-4.5/7.000-15.000 


Yes 




A- 107 


98.0-98.8 


5.5-6.6/ 15,000-27,000 


Yes 


40 


A-321 


98.0-98.8 


16.5-20.5/ 27.000-44,000 


Yes 




A-125 


99.3 + 


28-32/44,000-65.000 


Yes 




Run 1 


97.6 


2.6/ 6.000 


Yes 


45 


Run 2 


97.2 


2.4/ 5,000 


Yes 



A in the above table is an abbreviation for the trademark, Airvol, owned by Air Products and Chemicals. Inc. for its line 
of poly(vinyl alcohols). The number following In the grade designation. Seds Is an abbreviation for sedimentation. 
[0054] As can be gleaned trom the table, the best results are obtained with the medium weight, high hydrolysis >98% 
so poly(vinyl alcohols). The results also show that the low hydrolysis poly(vinyl alcohol) at the low molecular weight was 
effective in stabilizing the acrylic emulsion and is in contrast to poly(vinyl alcohol) D, supra. 



Comparative Example 1 

55 [0055] In this specific example a butyl acrylate/methylmethacrylate copolymer emulsion was prepared in accordance 
with the procedure of Example using poly(vinyl alcohol) B as the only stabilizer, the difference being the omission of 
the chain transfer agent, dodecyl mercaptan. The polymerization was terminated after afew hours because of excessive 
grit formation and emulsion instability. 
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Claims 

1. A process for the emulsion polymerization of a monomer mixture consisting essentially of water insoluble, ethyl- 
enically unsaturated monomers having acrylic unsaturalion lor producing polyacrylic polymer particles wherein a 

s polymerizable monomer system consisting essentially of at least one acrylic monomer is polymerized in the pres- 

ence of water and a stabilizer for producing polyacrylic polymer, the improvement for producing an acrylic emulsion 
liaving a solids content of greater than 45% by weight without microfluidization which comprises: 

a) effecting the polymerization in a polymerization zone utilizing a stabilizer consisting essentially of poly(vinyl 
alcohol) selected from the group consisting of poly(vinyl alcohol) having a hydrolysis value of greater than 
96.5% and a poly(vinyl alcohol) having a hydrolysis value of at least 86% where the molecular weight is within 
a range of from 5,000 to 13,000 and in the substantial absence of surfactants and solvents, said poly(vlnyl 
alcohol) being present in an amount of from 2 to 15% by weight ot the monomers to be polymerized; and, 

b) effecting the polymerization in the presence ot a chain transfer agent. 

15 

2. The process of Claim 1 wherein the poly(vinyl alcohol) is incorporated in the emulsion in an amount ot from 3 to 
7% by weight of the monomers polymerized. 

3. The process of Claim 2 wherein the chain transfer agent is incorporated in an amount of from 0.2 to 3% by weight 
20 of the monomers to be polymerized.. 

4. The process of Claim 3 wherein the polymerizatbn is effected by delay addition of the acrylic monomer to the 
polymerization zone. 

25 5. The process of Claim 4 wherein the delay addition is effected by charging from 1 0 to 30% of the acrylic monomer 
to be polymerized as an initial charge to the polymerization zone and then adding the balance of the monomer 
o\^er a period of time. 

6. The process of Claim 3 wherein the acrylic monomers are C^,q alkyf esters of acrylic and methacrylic acid. 

30 

7. The process of Claim 6 wherein the acrylic monomers are selected from the group consisting of methylmethacr- 
ylate, ethylacrylate. ethylmethacrylate, butyl acrylate, 2-ethyI-hexyl acrylate. 

8. The process of Claim 6 wherein the poly(vlnyl alcohol) has a percent hydrolysis of at least 98%.. 

35 

9. The process of Claim 7 wherein the poly(vinyl alcohol) stabilizer is present as a blend comprising from 20 to 80% 
of a low molecular weight (5,000 to 1 3,000) poly(vinyl alcohol) and 20 to 80% of a higher molecular weight 25,000 
to 45,000 poIy(vinyl alcohol). 

40 10. The process of Claim 9 wherein the poiy(vinyl alcohol) stabilizer is present in an amount of from 50 to 75% of a 
low molecular weight (5,000 to 1 3,000) poly(vinyl alcohol) and a hydrolysis value of from 86 to 90% and 25 to 50% 
of a higher molecular weight 25,000 to 45.000 poly(vinyl alcohol), 

11. An aqueous emulsion consisting essentially of polymerized ethylenically unsaturated monomers having acrylic 
4S unsaturation for producing polyacrylic polymer particles, the improvement which comprises: said emulsion stabi- 
lized with a stabilizer consisting essentially of po}y(vrnyl alcohol) selected from the group consisting of poly(vinyi 
alcohol) having a hydrolysis value of greater than 96.5% and a poly(vinyI alcohol] having a hydrolysis value of at 
least 86% where the molecular weight is within a range of from 5,000 to 13.000 and said emulsion is substantially 
free of surfactants and solvents, said emulsion having a solids content of at least 45% by weight of the emulsion 

so and the poly(vinyl alcohol) being Incorporated in an amount of from 2 to 1 2% by weight of the polyacrylic polymers. 

12. The emulsion of Claim 11 wherein the poly(vinyl alcohol) is incorporated in the emulsion in an amount of from 3 
to 7% by weight of the monomers polymerized. 

55 13. The emulsion of Claim 12 wherein the chain transfer agent is incorporated in an amount of from 0.2 to 3% by 
weight of the monomers to be polymerized.. 

14. The emulsion of Claim 13 wherein the acrylic monomers are C'^.s alkyl esters of acrylic and methacrylic acid and 
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the chain transfer is a mercaptan. 

15. The emulsion ot Claim 14 wherein the acrylic monomers are selected from the group consisting of methylmeth- 
acrylate, ethylacrylate. ethyimethacrylate, butyl acrylate, 2-ethyl-hexyl acrylate. 

16. The emulsion of Claim 15 wherein the polyvinyl alcohol) has a percent hydrolysis of at least 98%. 

17. The emulsion of Claim 15 wherein the poly(vinyl alcohol) stabilizer is present In an amount of from 20 to 80% of 
a low molecular weight (5000 to 1 3.000) poly(vinyl alcohol) and 20 to 80% of a higher molecular weight 25,000 to 
45,000 poly(vinyl alcohol). 

18. The emulsbn of Claim 16 wherein the poly(vinyl alcohol) stabilizer is present in an amount of from 50 to 75% of 
a low molecular weight (5000 to 15,000) poly(vinyl alcohol) and 25 to 50% of a higher molecular weight 25,000 to 
45,000 poly(vlnyl alcohol). 

19. A redispersible acrylic polymer formed from the emulsion of any of claims 11 to 18. 



Patentanspruche 

1. Verfahren zur Emulsionspolymerisation eines Monomergemisches. das im wesentllchen aus wasserunloslichen. 
ethylenisch ungesattigten Monomeren, die acrylische Ungesattigthelt aufweisen, besteht, zur Herstellung von Po- 
lyacrylpolymerpartikeln. in dem ein polymerisierbares Monomersystem, das im wesentlichen aus wenigstens ei- 
nem Acrylmonomer besteht, In Anwesenheit von Wasser und einem Stabilisator zur Herstellung eines Polyacryl- 
polymers poiymerisiert wird, wobei die Verbesserung zur Herstellung einer Acrylemulsion, die einen groBeren 
Feststoffgehalt als 45 Gewichtsprozent hat, ohne Mikrofluidisation: 

a) das Bewirken der Polymerisation In einer Polymerisationszone unter Verwendung eines Slabilisators, der 
im wesentlichen aus Polyvinylalkohol besteht, der aus der Gruppe ausgewahlt wurde, die aus Polyvinylalkohol 
mit einem Hydrolysewert groBer als 96,5 % und einem Polyvinylalkohol mit einem Hydrolysewert von wenig- 
stens 86 %. wo das Molekulargewicht in einem Bereich von 5.000 bis 13.000 ist, besteht, und im wesentlichen 
unter Abwesenheit von Tensiden und Losungsmitteln. wobei besagter Polyvinylalkohol in einer Menge von 2 
bis 15 Gewichtsprozent des zu polymerisierenden Monomers vorllegt. und 

b) das Bewirken der Polymerisation in Anwesenheit eines KettenQbertragungsmlttels umfa3t. 

2. Das Verfahren nach Anspruch 1, dadurch gekennzelchnet. daO der Polyvinylalkohol in einer Menge von 3 bis 7 
Gewichtsprozent der polymerisierten Monomere in der Emulsion enthalten ist 

3. Das Verfahren nach Anspruch 2, dadurch gekennzeichnet. da3 das KettenObertragungsmittel in einer Menge von 
0,2 bis 3 Gewichtsprozent der zu polymerisierenden Monomere enthalten ist 

4. Das Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB die Polymerisation durch verzogerte Zugabe des 
Acrylmonomers zu der Polymerisationszone bewirkt wird. 

5. Das Verfahren nach Anspruch 4. dadurch gekennzeichnet, daB die verzogerte Zugabe durch Eintragen von 10 
bis 30 % des zu polymerisierenden Acrylmonomers als Ausgangselntrag zu der Polymerisationszone und dann 
Zugabe des Hauptgewichtes des Monomers uber einen Zeitraum bewirkt wird. 

6. Das Verfahren nach Anspruch 3, dadurch gekennzeichnet, daB die Acrylmonomere a,.8- Alky tester der Aciyl- und 
Methacrylsaure sind. 

7. Das Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB die Acrylmonomere aus der Gruppe ausgewahlt 
warden, die aus Methylmethacrylat. Ethylacrylat, Ethylmethacrylat, Butylacrylat. 2-Ethylhexylacrylat besteht 

8. Das Verfahren nach Anspruch 6. dadurch gekennzeichnet. daB der Polyvinylalkohol einen Hydrolysegrad von 

wenigstens 98 % hat. 

9. Das Verfahren nach Anspruch 7, dadurch gekennzeichnet. daS der Polyvinytalkohol-Stabilisator als Gemisch vor- 
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liegt, das 20 bis 80 % etnes Polyvinylalkohols mit niedrigem Moleku large wicht (5.000 bis 13.000) und 20 bis 80 
% eines Polyvinylalkohols mit hdherem Molekulavgowicht von 25.000 bis 45.000 umtaBl. 

10. Das Verfahren nach Anspruch 9, dadurch gekennzeiciinet, daR der Polyvinylalkohol-Stabilisator in einer Menge 
von 50 bis 75 % eines Polyvinylalkohols mit niedrigem Molekulargewicht (5.000 bis 13.000) und einem Hydroly- 
sewert von etwa 86 bis 90 % und 26 bis 50 % eines Polyvinylalkohols mit hdherem Molekulargewicht von 25.000 
bis 45.000 vorliegt. 

11. Wasserige Emulsion, die im v\^esent lichen aus polymerisierten ethylenlsch ungesattigten Monomeren, die acryli- 
sche Ungesattigtheit aufweisen. besteht, zur Herstellung von Polyacrylpolymerpartikeln, wobel die Verbesserung 
besagte Emulsion umfaSt, die mit einem Stabilisator stabillsiert ist, der im wesentlichen aus Polyvinylalkohol be- 
steht. der aus der Gruppe ausgewahit wurde, die aus Polyvinylalkohol mit einem Hydrolysewert groBer als 96.5 
% und einem Polyvinylalkohol mit einem Hydrolysewert von wenigstens 86 %, wo das iVIolekulargewicht in einem 
Bereich von 5.000 bis 13.000 ist. besteht, und besagte Emulsion im wesentlichen frel von Tensiden und Losungs- 
mitteln tst, besagte Emulsion einen Feststoffgehalt von wenigstens 45 Gewichtsprozent der Emulsion hat und der 
Polyvinylalkohol in einer Menge von 2 bis 12 Gewichtsprozent des Potyacrylpolymers enthalten ist. 

12. Die Emulsion nach Anspruch 11 , dadurch gekennzeichnet, daB der Polyvinylalkohol in der Emulsion in einer Menge 
von 3 bis 7 Gewichtsprozent der polymerisierten Monomere enthalten ist. 

13. Die Emulsion nach Anspruch 12, dadurch gekennzeichnet, da3 das Kettenubertragungsmittel in einer Menge von 
0,2 bis 3 Gewichtsprozent der zu polymerisrerenden Monomere enthalten ist. 

14. Die Emulsion nach Anspruch 1 3, dadurch gekennzeichnet. da3 die Acrylmonomere Gi.3-Alkylester der Acryl- und 
Methacrylsaure sind und der Kettenubertrager ein Mercaptan ist. 

15. Die Emulsion nach Anspruch 14, dadurch gekennzeichnet, daB die Acrylmonomere aus der Gruppe ausgewahit 
werden, die aus Methylmethacrylat, Ethylacrylat, Ethylmethacrylat, Butylacrylat, 2-Ethylhexytacrylat besteht. 

16. Die Emulsion nach Anspruch 15. dadurch gekennzeichnet, da8 der Polyvinylalkohol einen Hydrolysegrad von 
wenigstens 98 % hat. 

17. Die Emulsion nach Anspruch 15, dadurch gekennzeichnet, da8 der Polyvinylalkohol-Stabilisator in einer Menge 
von 20 bis 80 % eines Polyvinylalkohols mit niedrigem Molekulargewicht (5.000 bis 1 3.000) und 20 bis 80 % eines 
Polyvinylalkohols mit hoherem Molekulargewicht von 25.000 bis 45.000 vorliegt. 

18. Die Emulsion nach Anspruch 16. dadurch gekennzeichnet, da8 der Polyvinylalkohol-Stabilisator in einer Menge 
von 50 bis 75 % eines Polyvinylalkohols mit niedrigem Molekulargewicht (5.000 bis 15.000) und 25 bis 50 % eines 
Polyvinylalkohols mit hoherem Molekulargewicht von 25.000 bis 45,000 vorliegt. 

19. Ein wiederdispergierbares Acrylpolymer, das aus der Emulsion nach jedem der Anspruche 11 bis 18 gebildet 
wurde. 



Revendications 

1 . Proc^6 pour la polymerisation en emulsion d'un melange monomere consistant essenliellement en monomeres 
insatures ethyleniquement, insolubles dans I'eau ayant une insaturation acrylique pour produire des particules de 
polymere polyacrylique, dans lequei un systems monomere polym6risabie consistant essentiellement en au moins 
un monomere acrylique est polymerise en presence d'eau et d'un stabilisant pour produire un polymere polyacryli- 
que, le perlectionnement pour produire une emulsion acrylique ayant une teneur en n^atieres soUdes superieure 
de 45% en poids sans microflukiisation et qui comprend les Stapes consistant k : 

a) effectuer la polymerisation dans une zone de polymerisation utilisant un stabilisant consistant essentielle- 
ment en alcool de polyvinyle choisi dans le groupe constitud par I'alcool de polyvinyle ayant une vateur d'hy- 
drolyse superieure k 96,5% et un alcool de polyvinyle ayant une valeur d'hydrolyse d'au molns 86%, le poids 
moldcuiaire se situant dans une plage allant de 5000 k 1 3000 et en I'absence substantielle d'agents tenstoactifs 
et de solvants, Tatcool de polyvinyle dtant present dans une quantity allant de 2 a 1 5% en poids des monomeres 
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k polym^riser ; et 

b) eff ectuer la polymerisation en presence d'un agent de transfert de chaTne. 

2. Proc6d6 selon la revendicatlon 1 , dans lequel ralcool de polyvinyle est incorpord dans I'dmulsion dans une quantit6 
allant de 3 jusqu'^ 7% en poids des monom6res polynn6ris6s. 

3. Proc^d^ selon la revendicatlon 1 , dans lequel I'agent de transfert de chaTne est incorpore dans une quantity allant 
de 0,2 ^ 3% en poids des monom^res k polym^riser. 

4. Proced6 selon la revendicatbn 3. dans lequel la polymerisation est effectude par addition retardde du monom^re 
acrylique k la zone de polymerisation. 

5. Procede selon la revendicatlon 4, dans lequel raddltion retardee est effectuee en chargeant de 10 ^ 30% du 
monomere acrylique h polym^riser comme charge initiale d la zone de polymerisation et h ajouter ensuite le reste 
de monomere au cours d'une certaine duree. 

6. Procede selon ta revendication 3, dans lequet les monomeres acryliques sont des alkyiesters de I'acide acryli- 
que et methacrylique. 

7. Precede selon la revendication 6, dans lequel les monomeres acryliques sont choisis dans le groupe constitue 
par le methyle methacrylate, I'ethylacrylate, I'ethylmethacrylate. le butyle acrylate, le 2-ethylhexylacrylate. 

8. Procede selon la revendication 6, dans lequel I'alcool de polyvinyle a un pburcentage d'hydrolyse d'au moins 98%. 

9. Precede selon la revendication 7, dans lequel le stabilisant d'alcool de polyvinyle est present comme melange 
comprenant de 20 k 80% d'un faible poids moieculaire (5000 h 13000) d'alcool de polyvinyle et 20 k 80% d'un 
poids moieculaire plus eieve 25000 k 45000 alcool de polyvinyle. 

10. Procede selon la revendication 9, dans lequel le stabilisant d'alcool de polyvinyle est present dans une quantite 
de 50 k 75% d'un alcool de polyvinyle k faible poids moieculaire (5000 k 13000) et d'une valeur d'hydrolyse d'en- 
viron 86 k 90% et 25 k 50% d'un alcool de polyvinyls k poids moieculaire &uperieur-25000 k 45000. 

11. Emulsion aqueuse consistent essentiellement en des monomeres insatures ethyieniquement polymerises ayant 
une Insaturation acrylique pour produire des particules de polym6res polyacryliques, le perfectionnement 
comprenant : ladlte emulsion stabilis6e avec un stabilisant consistant essentiellement en alcool de polyvinyle choisi 
dans le groupe constitue par I'alcool de polyvinyle ayant une valeur d'hydrolyse superieure k 96,5% et un alcool 
de polyvinyle ayant une valeur d'hydrolyse d'au moins 86%. le poids moieculaire se situant dans une plage allant 
de 5000 k 13000 et I'emulsion etant sensiblement exempte d'agents tensioactrfs et de solvants, emulsion ayant 
une teneur en matieres solides d'au moins 45% en poids de I'emulsion et I'alcool de polyvinyle etant incorpore 
dans une quanttte de 2 ^ 1 2% en poids des polymeres polyacryliques. 

12. Emulsion de la revendication 11 , dans laquelle I'alcool de polyvinyle est incorpore dans I'emulsion dans une quan- 
tite de 3 ^ 7% en poids des monomeres polymerises. 

13. Emulsion selon la revendication 12, dans laquelle I'agent de transfert de chaTne est incorpore dans une quantite 
de 0.2 d 3% en poids des monomeres k polymerise r. 

14. Emulsion selon la revendication 13, dans laquelle les monomeres acryliques sont des alkyiesters C^,q de I'acide 
acrylique et methacrylique et le transfert de chaTne est un mercaptan. 

15. Emulsion selon la revendication 14, dans laquelle les monomeres acryliques sont choisis dans le groupe constitue 
par le methylmethacrylate. ethylacrylate, ethylmethacrylate, butyle acrylate, 2-ethyl-hexylacrylate, 

16. Emulsion selon la revendication 15, dans laquelle I'alcool de polyvinyle a un pourcentage d'hydrolyse d'au moins 
98%. 

17. Emulsion selon la revendication 15, dans laquelle le stabilisant d'alcool de polyvinyle est present dans une quantite 
de 20 ^ 80% d'un alcool de polyvinyle k faible poids moieculaire (5000 k 13000) et 20 k 80% d'un alcool de 
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polyvinyle ^ poids moldculaire sup^rieur 25000 k 45000, 

18. Emulsion selon la revendication 16, dans laquelle le stabilisant d'alccx)! de polyvinyle est present dans une quantity 
de 50 ^ 75% d'un alcool de polyvinyle ^ taible poids mol6culatre (5000 £i 15000) et 25 ^ 50% d'un alcool de 

5 polyvinyle ^ poids mol6culaire sup6rieur 25000 6 45000. 

19. Polymfere acrylique redispersible form6 h partir de I'^nnulsion selon Tune quelconque des revendications 1^18. 
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